A microprocessor controlled device was built to record several Acoustic Emission (AE) characteristics, including AE event peak amplitude, duration, frequency, and time of occurrence. This device, called the Acoustic Emission Detection and Characterization System (AEDCS), is a lowcost, self-contained instrument that processes and records AE event information and can pass the information to a host computer for mass storage and further data manipulation. The system has a wide variety of applications including nondestructive testing, process monitoring, and advanced robotic sensing. A description of the system and its capabilities is given here.
INTRODUCTION
Acoustic Emission (AE) is defineA as the class of phenomena whereby transient elastic waves are generated by the rapid release of energy from localized sources within material, or the transient elastic waves so generated. For a material such as wood under stress, an AE is generated at points of fracture or friction, causing an elastic !;tress or strain wave to be generated [l] . AE in wood can be caused by mechanical damage processes such as mechanical strains, or passive damage processes such as the bursting of cell walls during drying [2] . These AEs are typically bursts of high frequency 0-7803-0891-3/93$0.300 01993 sound waves in the ultrasonic range [3]. The acoustic waves can be transformed into an electrical signal for instrumentation purposes by a mechano-electro transducer such as a piezo-crystal sensor.
Shown in Figure 1 is a typical AE waveform illustrating some of the characteristics used to describe an AE [4]. Also labeled on the diagram is a constant voltage level called the threshold, that is used to derive several of the AE characteristics. The number of threshold crossings made by an AE event is called the ring-down count. The duration of an AE event can be defined as the time between the initial rise of AE energy above the threshold and the time at which the AE energy decays below the threshold. The peak amplitude is the absolute value of the highest voltage attained by a single AE event. The time between the initial crossing of the threshold and the time at which the peak amplitude occurs is called the rise time, and the rise time slope is the peak amplitude minus the threshold voltage divided by the rise time. An actual AE -+I-- Figure 1 . Diagram of an Acoustic Emission Event signal may contain many frequency components, but the principle frequency is defined by the period of the AE wave as shown in Figure 1 . It should be noted that this period may not be constant throughout the AE wave, but may provide useful information if measured consistently for all AE events The frequency defined here is the inverse of the period of the fiist cycle measured following the peak amplitude, as shown in Figure 1 .
The DC envelope of the AE event is also shown in Figure 1 , and is derived by full-wave rectifying and low-pass filtering the AE signal. Several of the afore-mentioned characteristics can also be derived from this DC signal. For example, the duration value can be derived by a simple voltage comparator circuit that compares the DC envelope to the threshold voltage. Deriving the duration from the AC signal would entail a more complex circuit or a moderately complex calculation based on a digitized and stored version of the AE waveform.
Any number of these AE parameters can be used to characterize AEs for a given application. Groups of characteristics can then be used to describe the behavior of a material as il. undergoes a test environment. Measured characteristic values are compared with standards or with previously measured values for a particular sample. Typical uses of the measured value are for quality inspection, standards inspection, or as in the application to be described here, the control of the real-time process used to manufacture a material.
The AE peak amplitude and event duration were chosen to be mentioned for this application inorder to try to characterize the energy content of AE events. The frequency of an AE event was also included in the information recorded by the AEDCS in an attempt to provide more insight into the frequency content of AEs in general. These characteristics have been proposed to be important indicators in the wood drying process.
Hardware and Software
The AEDCS is designed to be a data-logging device that detects the peak amplitude, duration, and frequency of a general AE event. The time of occurrence of the AE event relative to the start of the test is also recorded. To accommodate future testing applications, the AEDCS also has 7 general purpose A/D inputs that are also recorded whenever an AE event is logged. These additional A D inputs can be used to store information that bears on the causes as effects of the recorded AEs. It was necessary to develop specialized hardware and software to incorporate these functions into the AEDCS. Figure 2 is a block diagram of the system hardware. The hardware can be partitioned into the following sections: transducer, amplifier, signal derivation circuitry, and the microprocessor system. Figure 2 also depicts the flow of AE information through the AEDCS. The AE events are detected by the piezo-crystal transducer which converts the acoustic wave into an elecbical signal. The amplifier stages increase the level of the AE signal and filter out unwanted and spurious frequencies. The signal derivation circuitry processes the AE signal to obtain the peak, duration, and frequency of the AE event. Finally, the microprocessor system collects, further processes, and records the AE characteristic information and passes it through an RS-232 port to a host computer. voltage for a typical AE event measwed in wood is in the hundreds of microvolts range. This signal level is too low to be used as input to the signal derivation circuitry and is prone to electrical noise interference. Therefore, the signal is fist sent through two amplification and filter stages which increase the signal to a usable level. Each amplifier stage provides 40 dB of gain for a total increase of 80 dB. The filters are high-pass RC networks that have a comer frequency at 25 kHz and a rolloff of 20 dB per decade. The filter helps to eliminate any low-frequency interference such as the ever-present 60 Hz hum from AC power sources.
The signal derivation circuitry consists of an AC to DC converter, peak voltage detector, and various comparator circuits and simple state machines. The purpose of this circuitry is to convert the AE signal produced by the transducer into a set of signals that the microprocessor system can use to determine the AE event characteristics.
The microprocessor system consists of a microprocessor board and three peripheral boards: D/A converter, 8253 timer, and a real-time clock board. All of the boards are NMIX series boards from New Micros, Inc. in Dallas, Texas. The Microprocessor board is built around the Motorola 68HCll single-chip computer, and provides the RAM, ROM, EPROM, RS-232 interface, system clock, and power. The D/A converter board is used to provide software configurable voltages to set threshold voltages used in the comparator circuits. The 8253 timer board is used in the frequency detection circuits, and the real-time clock board is used to record the time of occurrence of AE events. Figure 3 is a flow diagram of the AEDCS software. The microprocessor system is programmed via the embedded FORTH operating system and programming language. The software consists of an initialization routine, several configuration routines, and an interrupt service routine.
The initialization routine initializes the microprocessor and system hardware. The configuration routines enable the user to configure several threshold voltages that the system hardware uses to process the AE signals. Finally, the interrupt service routine (ISR) is the main operating routine of the AEDCS. The ISR processes the AE characteristic signals when an AE event is detected, and pass the processed information out the RS-232 port to a host computer. The host computer can be used to further process the information or to store the information for post processing.
AE Test Application
As a demonstration of the system's capabilities, the AEDCS was used to record AE event characteristics in a 3-point mechanical loading test application for several different types of wood. The test fixture was constructed on the test bed of an MTS, Inc. hydraulic loading machine. The specimen, 2" wide by 24" long by 114" thick pieces of wood, were supported at two points that were placed 18" apart. The force of the hydraulic piston was centered between the supports. The AEDCS sensor was mounted with a constant force spring assembly and was placed 2 away from the center of the loading point. 'The load and displacement outputs of the MTS were recorded with a PC data acquisition system. The MTS was set to provide a constant rate of displacement of .0025"/sec. Figure 4 shows the results of one of the plywood specimen that was cut with the grain. The fiist graph is a plot of AE event energy and load versus time. The AE event energy shown was calculated by taking the product of the AE event peak amplitude: and event duration. Although this is not an exact measurement of energy, it is an indication of energy relative to othler AE events. The second graph shows the frequency of each AE event.
As shown in Figure 4 , the rate of occurrence an the AE event energy dramatically increased after the board began to give and the stiffness dropped. During this time, the highest number of severe failures occurred which led to the increased number of high energy AE events. 
CONCLUSIONS
As a prototype piece of equipment, the AEDCS demonstrated that several characteristics of AEs could be recorded by a small, low-cost instrumentation device and this data could be used to determine characteristics of the material under test.
The device also proved that it could provide useful data in a typical materials testing application. Correlations between AE event characteristics and stress/strain data were shown from data recorded by the AEDCS during these tests. It was also possible to distinguish between the different types of wood materials tested from the AE data recorded. These preliminary tests showed that the AEDCS could prove to be a valuable tool in the AE testing of materials field.
